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1. Motivation

MSSM: Enlarged Higgs sector: Two Higgs doublets
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H1

1

H2
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v1 + (φ1 + iχ1)/

√
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2

v2 + (φ2 + iχ2)/
√
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V = m2
1H1H̄1 + m2

2H2H̄2 − m2
12(ǫabH

a
1Hb

2 + h.c.)

+
g′2 + g2

8︸ ︷︷ ︸

(H1H̄1 − H2H̄2)
2 +

g2

2︸︷︷︸

|H1H̄2|2

gauge couplings, in contrast to SM

physical states: h0, H0, A0, H± Goldstone bosons: G0, G±

Input parameters: (to be determined experimentally)

tanβ =
v2

v1
, M2

A = −m2
12(tanβ + cotβ )
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In lowest order:

Input parameters: (to be determined experimentally)

tanβ =
v2

v1
, M2

A = −m2
12(tanβ + cotβ )

⇒ mh, mH, mixing angle α, mH±: no free parameters, can be predicted

In lowest order:

M2
h =

1

2

[

M2
A + M2

Z −
√

(M2
A + M2

Z)2 − 4M2
ZM2

A cos2 2β

]

Keep in mind: higher-order corrections

⇒ Test of the model!

Necessary:

− discover the Higgs(es) at the LHC (or at the ILC)

− measure its mass/characteristics at the LHC (or at the ILC)

− compare with theory prediction for Mh/other characteristics
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Our model: MSSM-seesaw

1.) MSSM: needs no motivation here!
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Our model: MSSM-seesaw

1.) MSSM: needs no motivation here!

2.) MSSM-seesaw:

− neutrinos have mass

− Majorana masses are allowed

− seesaw mechanism is an elegant way to create neutrino masses

− possible explanation of BAU via Leptogenesis

− leading corrections: ∆M2
h ∼ m4

t /M2
W

seesaw allows Yν = O (1)

⇒ large effects on Mh?
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Our model: MSSM-seesaw

1.) MSSM: needs no motivation here!

2.) MSSM-seesaw:

− neutrinos have mass

− Majorana masses are allowed

− seesaw mechanism is an elegant way to create neutrino masses

− possible explanation of BAU via Leptogenesis

− leading corrections: ∆M2
h ∼ m4

t /M2
W

seesaw allows Yν = O (1)

⇒ large effects on Mh?

First step: MSSM with one generation of neutrinos/sneutrinos
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The neutrino sector:

The 2 × 2 neutrino mass matrix is given in terms of

the Dirac mass mD ≡ Yνv2 and the Majorana mass mM by:

Mν =




0 mD

mD mM





Diagonalization of Mν: two mass eigenstates (Majorana fermions)

ν, N with mass eigenvalues:

mν, N =
1

2

(

mM ∓
√

m2
M + 4m2

D

)

Seesaw limit: ξ ≡ mD/mM ≪ 1:

mν = −mDξ + O(mDξ3) ≃ −m2
D

mM

mN = mM + O(mDξ) ≃ mM
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The sneutrino sector:

V ν̃
soft = m2

L̃
ν̃∗Lν̃L + m2

R̃
ν̃∗Rν̃R + (YνAνH2

2 ν̃Lν̃∗R + mMBν ν̃Rν̃R + h.c.)

Two 2×2 mass matrices to describe the CP-even and CP-odd parts of the

sneutrino sector:

M̃2
± =






m2
L̃

+ m2
D + 1

2M2
Z cos 2β mD(Aν − µ cotβ ± mM)

mD(Aν − µ cotβ ± mM) m2
R̃

+ m2
D + m2

M ± 2BνmM






Diagonalization yields four mass eigenstates

ñ1, ñ2, ñ3, ñ4 (ν̃+, Ñ+, ν̃−, Ñ−)

Seesaw limit: ξ ≡ mD/mM ≪ 1:

m2
ν̃+,ν̃− = m2

L̃
+

1

2
M2

Z cos 2β ∓ 2mD(Aν − µ cotβ − Bν)ξ

m2
Ñ+,Ñ−

= m2
M ± 2BνmM + m2

R̃
+ 2m2

D
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2. Calculation

Mh, MH: higher-order corrected CP-even Higgs masses in the MSSM

M
ν/ν̃
h , M

ν/ν̃
H : masses in the MSSM-seesaw model

→ determined as poles of the propagator matrix

Inverse of the propagator matrix:

(

∆Higgs

)−1
= −i




p2 − m2

H + Σ̂HH(p2) Σ̂hH(p2)

Σ̂hH(p2) p2 − m2
h + Σ̂hh(p

2)





→ solve the equation:
[

p2 − m2
h + Σ̂hh(p

2)
] [

p2 − m2
H + Σ̂HH(p2)

]

−
[

Σ̂hH(p2)
]2

= 0

with

Σ̂(p2) = Σ̂(1)(p2) + Σ̂(2)(p2) + . . .

Σ(p2) = Σ(1)(p2) + Σ(2)(p2) + . . .

⇒ calculation of ν/ν̃ contributions to Σ̂(1)
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Renormalization and formulas “as usual”:

Σ̂hh(p
2) = Σhh(p

2) + δZhh(p
2 − m2

h) − δm2
h

Σ̂hH(p2) = ΣhH(p2) + δZhH(p2 − 1
2(m

2
h + m2

H)) − δm2
hH

Σ̂HH(p2) = ΣHH(p2) + δZHH(p2 − m2
H) − δm2

H

δm2
h = δM2

Ac2β−α + δM2
Zs2α+β + δtanβ sβcβ(M

2
As2α−2β + M2

Zs2α+2β)

+ e
2MZsWcW

(δTHcβ−αs2β−α − δThsβ−α(1 + c2β−α))

δm2
hH = 1

2(δM2
As2α−2β − δM2

Zs2α+2β − δtanβ sβcβ(M
2
Ac2α−2β + M2

Zc2α+2β)

+ e
2MZsWcW

(δTHs3α−β − δThc3α−β)

δm2
H = δM2

As2α−be + δM2
Zc2α+β − δtanβ sβcβ(M

2
As2α−2β + M2

Zs2α+2β)

− e
2MZsWcW

(δTHcα−β(1 + s2α−β) + δThsα−βc2α−β)
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Field and tanβ renormalization:

“Normal”: DR:
δZDR

H1
= −

[

ReΣ′
HH |α=0

]div

δZDR
H2

= −
[

ReΣ′
hh |α=0

]div

δtanβ DR =
1

2

(

δZDR
H2

− δZDR
H1

)

“More appropriate here: mDR:

δZmDR
H1

= −
[

ReΣ′
HH |α=0

]mdiv

δZmDR
H2

= −
[

ReΣ′
hh |α=0

]mdiv

δtanβ mDR =
1

2

(

δZmDR
H2

− δZmDR
H1

)

[ ]mdiv: ∝ ∆m ≡ ∆ − log(m2
M/µ2

DR
)

⇒ decoupling “by hand” of large logs
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Calculation of Self-energies:

− all diagrams created with FeynArts → T

→ model file with all ν/ν̃ interactions

− further evaluation with FormCalc

− Dimensional REDuction

− all UV divergences cancel

− results will be included into FeynHiggs (www.feynhiggs.de)

→ example plots will focus on Σ̂hh(p
2) and ∆mmDR

h := M
ν/ν̃
h − Mh
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Feynman diagrams:
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3. Results

Expansion of Σ̂(p2) in powers of ξ ≡ mD/mM :

Σ̂(p2) =
(

Σ̂(p2)
)

|m0
D︸ ︷︷ ︸

+
(

Σ̂(p2)
)

|m2
D

+
(

Σ̂(p2)
)

|m4
D

+ . . .
︸ ︷︷ ︸

gauge MSSM Yukawa
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Gauge part vs. Yukawa part:
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3. Results

Expansion of Σ̂(p2) in powers of ξ ≡ mD/mM :

Σ̂(p2) =
(

Σ̂(p2)
)

|m0
D︸ ︷︷ ︸

+
(

Σ̂(p2)
)

|m2
D

+
(

Σ̂(p2)
)

|m4
D

+ . . .
︸ ︷︷ ︸

gauge MSSM Yukawa

⇒ the gauge contribution dominates for mM < 1012 GeV

MSSM-seesaw ∼ MSSM (⊕ Dirac neutrinos)
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Momentum dependence:
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⇒ strong momentum dependence

⇒ only present in the Yukawa part

⇒ (contrary to O
(

m4
t

)

corrections) O
(

m2
D

)

term dominates
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3. Results

Expansion of Σ̂(p2) in powers of ξ ≡ mD/mM :

Σ̂(p2) =
(

Σ̂(p2)
)

|m0
D︸ ︷︷ ︸

+
(

Σ̂(p2)
)

|m2
D

+
(

Σ̂(p2)
)

|m4
D

+ . . .
︸ ︷︷ ︸

gauge MSSM Yukawa

⇒ the gauge contribution dominates for mM < 1012 GeV

MSSM-seesaw ∼ MSSM (⊕ Dirac neutrinos)

Dominant term O
(

m2
D

)

:

Σ̂DR
hh (p2) =

g2m2
Dp2 cos2 α

32π2M2
W sin2 β




1

2
− log

m2
M

µ2
DR



 +
g2m2

Dp2 cos2 α

64π2M2
W sin2 β
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Main result: ∆mmDR
h :

Aν = Bν = mL̃ = mR̃ = 1000 GeV, MA = µ = 200 GeV, tanβ = 5
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⇒ large corrections

possible for

large |mν| and mM

Growing of ∆mmDR
h

with mM :

ONLY

due to Yν ∝ 1
v2

√

mM |mν|
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Dependence on mR̃:
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⇒ large corrections for mR̃ ∼ mM

Sven Heinemeyer, SUSY11 (Fermilab), 28.08.2011 18



The main result:

Dominant term O
(

m2
D

)

:

Σ̂DR
hh (p2) =

g2m2
Dp2 cos2 α

32π2M2
W sin2 β




1

2
− log

m2
M

µ2
DR



 +
g2m2

Dp2 cos2 α

64π2M2
W sin2 β

⇒ “usually” considered sub2leading

⇒ not present in effective potential approach

⇒ not present in the RGE approach

Easy (and accurate) formula:

∆mmDR
h ≃ −Σ̂

ν/ν̃
hh (M2

h)

2Mh
≈ −

(

Σ̂mDR
hh (M2

h)
)

m2
D

2Mh

(if corrections are not too large . . .

otherwise full pole determination necessary ⇒ FeynHiggs . . . )
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4. Conclusinos

• MSSM is well motivated

neutrinos have mass . . . via seesaw ???

⇒ good motivation for MSSM seesaw model

• leading corrections: ∆M2
h ∼ m4

t /M2
W

seesaw: Yν = O (1) ⇒ large effects on Mh?

• First step: MSSM with one generation of neutrinos/sneutrinos

• − Evaluation of ν/ν̃ corrections to Σ̂φ(p
2)

− Renormalization for fields and tanβ: mDR

− Leading terms:

∆mmDR
h ≃ −Σ̂

ν/ν̃
hh (M2

h)

2Mh
≈ −

(

Σ̂mDR
hh (M2

h)
)

m2
D

2Mh

Effects of up to −5 GeV for large mM and |mν|

• Effects relevant for all future collider phenomenology!
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